Introduction
Sudden heart rate (HR) or mean arterial blood pressure (MABP) decreased during surgical manipulation have been reported during cranio-maxillofacial surgeries, 1e4 even bradycardia progressed to a cardiac asystole during midface manipulation was reported. 4 Interestingly, bradycardia was also found during tooth extraction procedure. 5 This phenomenon could be the so-called trigeminocardiac reflex (TCR), an unique brain stem reflex consisting of a sudden onset of HR and MABP decreased that may consequently develop asystole and even cardiac arrest, which was first found by Guiesepe & Arscher in 1908 and described in detail by Schaller et al. 6 Therefore, it may be important to advise dentist to take into account monitoring the principal vital signs, circulatory, respiratory, blood pressure (BP), HR, and pulse oximetry (SpO 2 ) during dental procedures especial for surgical or invasive managements. Therefore, monitoring patient during the dental implant surgery is advisable when the surgical procedure is expected to be traumatic or if the patient's psychological condition makes such control desirable to optimize safety. Monitoring of vital signs during dental care allows the dentists to detect the potential risks on such situations: before surgical procedure, evaluation in early diagnosis, prevention of possible complications, and operation with safety. 7 However, little is known about the during dental implant procedures.
In this study, we recorded the changes of systolic blood pressure (SBP), diastolic blood pressure (DBP), HR, and SpO 2 to determine the hemodynamic alterations in patients during dental implant surgery performed with local anesthetic agents. In addition, we further analyzed the influences of gender, age, and the location of implant placement focused on the hemodynamic instability related to TCR including bradycardia and hypotension on patients.
Materials and methods
After approval by the Institute Review Board, Chung Shan Medical University Hospital (protocol# CSMUH No.CS14112), a prospective observational study without intervention was conducted in the usual implant placement of the patients. This monocentric clinical study was made of 135 healthy patients (69 males and 66 females) without any systemic disease who received implant placement with informed consent between February 2015 and August 2016.
The hemodynamic changes were evaluated by the CRITICARE Model 506 series monitor (Criticare Systems Inc., Waukesha, Wisconsin, USA). The levels of SBP, DBP, HR, and SpO 2 were recorded of all patients prior to the injection of local anesthetic agents. Up to two cartridges of 4% articaine in 1.7 ml cartridges with an epinephrine concentration of 1:100,000 Ubistesinä forte (3M ESPE, Seefeld, Germany) was used through local infiltration injection to obtain local anesthesia. Dental explorer was used to ensure proper anesthesia before surgery. All the dental implant placements were performed by one specialty (Dr. Huang) and care was exerted to avoid excess trauma or inadequate anesthesia during incision, mucoperiosteal flap reflection, drilling, implant placement, and final suture. Both HR and BP were registered every minute during the dental implant surgery. Four values were collected: (1) before commencing surgery (pre-operation), (2) the minimum and maximum values during local anesthetic injection, incision and raising a mucoperiosteal flap, drilling, implant placement, and finally at suturing (during operation), (3) the completion (post-operation). The MABP was determined using measured values of SBP and DBP and was defined as 1/ 3 SBPþ2/3 DBP.
Statistical analysis
Statistical package of social sciences software (version 21.0) (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Chi-square or Fisher's exact test was applied where appropriate in Table 1 to determine statistical the significance of differences between age, gender, implant number, and region. The means and standard deviations (SD) were calculated and paired t test was used to determine statistical significance of the differences preoperation, operation, and post-operation in Table 2 . Odds ratio (OR) in Table 5 was calculated by binary logistic regression analysis between groups; p values less than 0.05 were considered statistically significant.
Results
The demographic characteristics of total of 135 patients receiving dental implant placement is shown in Table 1 . There were 69 (51.1%) males and 66 (48.9%) females with mean age 56.5 AE 12.4 years old. The areas of implant placement were 60 in maxilla and 75 in mandible. Distribution of locations of dental implant placement was revealed in Table 1 . There are no significant difference among age, gender, and implant number (p > 0.05).
As shown in Table 2 , monitored data demonstrated that the minimum values of HR, SBP, DBP, and MABP decreased significantly during implant placement comparing with values before implant placement (p < 0.0001). However, Paired t test was used to determine statistical significance of the differences pre-operation, operation, and post-procedure. The level of statistical significance was set at 0.0001. To further stratify the age and gender with HR are shown in Table 3 . The mean of maximum HR in females was significantly higher than that of males during operation (p Z 0.043). No statistically significant differences were found in HR among all different age groups at pre-operation (p Z 0.132), operation (maximum: p Z 0.059; minimum: p Z 0.463), and post-operation (p Z 0.492).
To further stratify the age and gender with MABP are shown in Table 4 . The MABP values were statistically lower in females than those in males before operation (p Z 0.003), operation (maximum: p Z 0.043; minimum: p Z 0.001), and post-operation (p Z 0.005). No statistically significant differences were found in MABP among all different age groups at pre-operation (p Z 0.302), operation (maximum: p Z 0.095; minimum: p Z 0.315), and post-operation (p Z 0.123).
Finally, we further to evaluate the odds ratio for the decreased HR and MABP and the location of implant placement. The results demonstrated no significant change between decreased HR and the location of implant placement (p Z 0.754). In this study, the decrease of 15% MABP is the cutoff after statistical calculations. As shown in Table  5 , the patients received maxillary implant placement have more risks to confront with decreasing MABP>15% as comparing with mandibular implant placement (OR Z 3.98; 95% confidence interval: 1.12e13.2).
Discussion
To the best of our knowledge, this is the first study to demonstrate a significant HR decreased during dental implant surgery. Previously, HR decreased during oral maxillofacial surgeries have been reported in the procedure during Le Fort I osteotomy, 1,3 bilateral sagittal split ramus osteotomy, 2 mid-facial trauma manipulation, 4 surgical removal of lower third molars, 8 and even simple extraction of one posterior mandibular tooth. 5 In addition, we also first found that a significant MABP decreased could occur during dental implant surgery. Our findings are in agreement with Bohluli et al., 2 who reported a significant decrease of MABP during the course of Le Fort I surgery. Consistently, Alemany-Martínez et al. 8 who found both SBP and DBP decreased after the surgical procedure to levels even lower than those recorded at baseline during the course of surgical removal of lower third molars.
In this observation, the maximum values of SBP, DBP, and MABP were found to increase during operation comparing with values of pre-operation. This could be explained by endogenous adrenalin release caused by the patient's anxiety or fear. Usually, patients may feel anxiety or stress just before the start of minor surgical procedures to activate the sympathetic nervous system such as the changes in tachycardia and hypertension. 9 In addition, the vasoconstrictors and local anesthetics commonly used in oral surgery can induce hemodynamic changes during implant surgery in the same way resulting from pain or anxiety. 10 The reason for HR and MABP decreased is thought to be decrease in patients' stress or reflex bradycardia such as TCR. It might be attributed to the stimulation of the maxillary (V2) or mandibular branch (V3) of the trigeminal nerve that innervates the edentulous ridges triggering the TCR. During the course of implant surgery, drilling or implant placement may trigger the sensory branches of trigeminal nerve and send signals from the Gasserian ganglion to the sensory nucleus of trigeminal nerve. Then, the signals are transferred to the vagus motor nucleus via short nerves and directed to the myocardium via the cardiac branch of vagus nerve. 11e13 Schematic of implant surgery triggering the possibly of TCR pathway is shown in Fig. 1 .
TCR is an experimentally and clinically well-established brainstem reflex that manifests as sudden cardiac perturbations including bradycardia, arterial hypotension, asystole, apnea, and gastric hypermobility. Recently, TCR has been gain the attention under systemic review 14, 15 and meta-analysis according to PRISMA guidelines. 16 As TCR might play a decisive impact on the course of surgery and especially the postoperative functional outcome of neurosurgical patients with skull-base pathologies. Up to now, TCR still remains unfamiliar to dentists and even the specialty of oral maxillofacial surgeons. In oral maxillofacial region, few case reports have been found in temporomandibular joint arthroscopy, 17 mesioden removal, 18 the management of midface fractures, 19 maxillectomy, 20 excised a large osteoma in zygomatic arch. 21 Moreover, Huang et al. 22, 23 recently reported that a substantial BP drop possibly related to TCR was occurred during vital pulp extirpation under local anesthesia.
However, it is very difficult, almost impossible, to determine the direct concurrence of TCR. The most common definition of TCR is a sudden decrease in HR or MABP by more than 10% or 20% compared with the baseline values. 15 In the present study, a 15% or higher decrease in the MABP levels from baseline was considered as TCR. The strength of this study is the case collection including both 60 maxillary arches and 75 mandibular arches. The sample size is relatively larger than previous studies 1e5 and case reports. 17e21 Moreover, OR for MABP change >15% demonstrated that patients received maxillary implant placement have more risks to trigger the possibly occurrence of TCR. This may explain as following. The spongy nature of maxillary bone is compared to the compact nature of mandibular bone. Therefore, the manipulation during implant surgery may stimulate V2 branch of the trigeminal nerve more easily occurred in maxilla than that of V3 branch in mandible. There are still some limitations in this study such as multi-centric clinics, spilt-mouth design, and randomized controlled clinical trial. To avoid the confounding factors from fear and anxiety, questionnaires such as dental anxiety scale 24 and dental fear survey 25 would be added to evaluate dental anxiety and fear before the surgical procedure. In addition, the activation of the sympathetic nervous system in association with the parasympathetic nervous system could play a crucial role in anxiety and stress. 26 The behavioral and physiological assessments of sympathetic and parasympathetic nervous systems such as electroedermal activity and HR variability would be compared in further study. 27, 28 Taken together, the present study may suggest a revision of the values or descriptions for TCR at least in implant surgery. Considering the safety of patients, monitor used should be taken into account as the possibility on the occurrence of TCR during dental implant surgery. Figure 1 The possible pathway of occurrence of TCR during dental implant surgery.
